Abstract-We evaluated the effect of conventional and corrective image reconstruction methods on reduced acquisition time for detecting a myocardial perfusion (MP) defect in MP SPECT using the Channelized Hotelling Observer (CHO). Using the 4D Extended Cardiac-Torso (XCAT) phantom, we simulated realistic transmural and endocardial MP defects in various location and size. Realistic Tc-99m Sestamibi MP projection data were generated using an analytical projector that included the effects of attenuation (A), collimator-detector response (D) and scatter (S) for various count levels simulating different acquisition times. They were reconstructed using the 3D FBP without correction and a 3D OS-EM method with ADS correction followed by a smoothing filter with various cut-off frequencies. The CHO followed by receiver operating characteristics (ROC) methodology was applied to the reconstructed images to evaluate the detectability of a MP defect in each method for different defect anatomies and count levels. Areas under the ROC curve (AUC) were computed to assess the changes in the MP defect detection. The results showed that the 3D OS-EM with ADS corrections showed significantly less changes in AUC value and gave overall higher AUC values than FBP at all cut-off frequencies of the post smoothing filter, count levels and MP defect sizes. The difference in AUC increased towards less smoothed images where the 3D OS-EM with correction was able to provide similar AUC values with 20 -40% reduction in acquisition time compared to FBP. The AUC values for smaller MP defects were lower for both reconstruction methods with smaller differences. We concluded that the 3D OS-EM with ADS corrections provides higher performance in the MP defect detection task. It allows increased reduction of acquisition time without loss of MP defect detection in MP SPECT compared to the conventional FBP method especially towards less smoothed images.
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I. INTRODUCTION mission computed tomography (ECT) techniques including
single-photon emission computed tomography (SPECT) and positron emission tomography (PET), and more recently, SPECT/CT and PET/CT, have been firmly established as molecular imaging techniques that are integral parts of diagnostic radiology and medicine. During the past decade, there has been tremendous growth of SPECT/CT and PET/CT in the commercial market and in clinical applications especially in oncology. Significant advances continue in ECT especially in terms of significant improvement in image quality. The improvements can be attributed to the advances in radiopharmaceutical, instrumentation and image reconstruction and processing methods. In particular, corrective image reconstruction methods that take into account statistical fluctuations of the acquired data and compensate for the image degrading effects of instrumentation and physical factors including photon attenuation and scatter have demonstrated unprecedented improvement in image quality and clinical diagnosis. Another notable advance is the steady reduction in acquisition time, which can be translated to a reduction in radiation dose to the patient [1] , which is a direct consequence of this research.
We investigate the effect of corrective image reconstruction method on reduced acquisition time in myocardial perfusion SPECT using the channelized Hotelling observer (CHO) with respect to the task of detecting the perfusion abnormalities.
II. METHOD

A. The new 3D XCAT phantoms and simulated SPECT projection data
We chose Tc-99m Sestamibi myocardial perfusion SPECT study as a sample application. Using the 3D eXtended CArdiac-Torso (XCAT) phantom as shown in Figure 1 [2], we created a realistic model of perfusion defect (MP) in the anteroseptal and inferior locations. It allows the simulation of different sizes and degrees of regional myocardial perfusion defects including mid-sized and small sized (=1/4 volume of mid-sized) of transmural and endocardial defects in the left ventricular (LV) wall ( Figure 2 ).
For each phantom, realistic noise-free projection data were generated using an analytical projector that includes the effects of non-uniform attenuation, collimator-detector Given the same acquisition time and the defect location and contrast, it is easier to detect transmual than endocardial MP defect. No difference is found in heavily smoothed images of both endocardial and transmural MP defects in the anteroseptal location. The results show the same trends as those from the anteroseptal MP defect. In addition, they demonstrate that it is easier to detect the anteroseptal MP defect than the inferior MP defect. 
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C. Comparison of reconstruction methods in detecting inferior MP defect
D. Comparison of detecting MP defects of different sizes
IV. CONCLUSION
In general, the 3D OS-EM with ADS corrections provides higher performance in the detection of MP defect than the FBP without correction in MP SPECT. It is less sensitive to the cut-off frequency used in the post smoothing filter than the FBP reconstruction method. Also, it allows a reduction of acquisition time without loss of the detectability of MP defects especially towards less smoothed images and small defect sizes. The reduction of acquisition time can be traded for the reduction of radiation dose to the patients.
From the results of this study, we conclude that corrective image reconstruction methods, such as the 3D OS-EM with ADS corrections, provides improved detectability of MP defects as compared to those without correction. The improved detectability can be traded for reduction in acquisition time or radiation dose to the patients without loss of defect detectability in MP SPECT. The amount of reduced acquisition time or radiation dose depends on various factors, such as count level, cut-off frequency of the post smoothing filter use in the reconstruction methods, size and location of the MP defect and patient anatomy. Future study will include more accurate model of the simulated data using Monte Carlo methods, inclusion of anatomical variations in the 3D XCAT phantom to more realistically simulate a patient population, and comparing the CHO performance to that of human observers.
